Hypertension is associated with greater than normal lipoperoxidation and an imbalance in antioxidant status, suggesting that oxidative stress is important in the pathogenesis of this disease. Although many studies have examined the effect of antioxidants in the diet on hypertensió n and other disorders, less attention has been given to the evaluation of the role of specific dietary lipids in modulating endogenous antioxidant enzyme status. Previously, we have described that liver antioxidant enzyme activities may be modulated by consumption of different oils in normotensive rats. The purpose of the present study was to examine the effects of feeding different lipidic diets (olive oil, OO, high-oleic-acid sunflower oil, HOSO, and fish oil, FO) on liver antioxidant enzyme activities of spontaneously hypertensive rats (SHR). Plasma and liver lipid composition was also studied. Total triacylglycerol concentration increases in plasma and liver of animals fed on the HOSO and OO diets and decreases in those fed on the FO diet, relative to rats fed the control diet. The animals fed on the oil-enriched diet show similar hepatic cholesterol and phospholipid contents, which are higher than the control group. Consumption of the FO diet results in a decrease in the total cholesterol and phospholipid concentration in plasma, compared with the high-oleic-acid diets. In liver, the FO group show higher levels of polyunsaturated fatty acids (PUFA) of the (nA3) series, in relation to the animals fed on the diets enriched in oleic acid. Livers of FO-fed rats, compared with those of OO-and HOSO-fed rats showed: (i) significantly higher activities of catalase, glutathione peroxidase and Cu͞Zn superoxide dismutase; (ii) no differences in the NADPHcytochrome c reductase activity. The HOSO diet had a similar effect on liver antioxidant enzyme activities as the OO diet. In conclusion, it appears that changes in the liver fatty acid composition due mainly to nA3 lipids may enhance the efficiency of the antioxidant defence system and may yield a benefit in the hypertension status. The two monounsaturated fatty acids oils studied (OO and HOSO), with the same high content of oleic acid, but different content of natural antioxidants, had similar effects on the antioxidant enzyme activities studied.
INTRODUCTION
Oxidative injury, due to free radicals, is associated with several diseases including essential hypertension [1] . The administration of antioxidants results in improved 1 status in both hypertensive patients [2] and animal model [3] . Besides, it has become apparent that a variety of antihypertensive drugs have antioxidant activity, in addition to their primary function [4, 5] . Probably, antioxidants reduce blood pressure via increasing availability of nitric oxide [2] .
Dietary fat intake may also improve essential hypertension. It has been reported that consumption of polyunsaturated fatty acids (PUFA) lowers the blood pressure [6, 7] . The antihypertensive effect of PUFA may be caused by changes in prostaglandin synthesis and also by alteration of membrane fatty acid composition, and subsequent changes in membrane functions [7] . The PUFA oils, as fish oil (FO), are very susceptible to peroxidation and production of free radicals.
Olive oil (OO), oil rich in monounsaturated fatty acids (MUFA), can also reduce blood pressure and promote cardiovascular health. Oleic acid is not necessarily the only component responsible for this effect and other antioxidant compounds contained in the non-glyceride fraction of OO, such as sterols and polyphenols, may be additionally beneficial [8] . Although the traditional source of dietary MUFA is OO, other sources are now becoming available such as the new high-oleic-acid variety of sunflower oil (HOSO), which has a similar fatty acid composition but different antioxidant content [9] . It has been demonstrated that, unlike olive oil, the intake of HOSO does not provide favorable effects on hypertension related parameters [10] . The rate of peroxidation and production of free radicals, with the MUFA oils, is lower than that with the PUFA oils. Previously, we have described that liver antioxidant enzyme activities may be modulated by consumption of different oils (OO, HOSO, and FO) in normotensive rats [11] . The antioxidant defence system in liver includes Cu͞Zn superoxide dismutase (Cu͞Zn-SOD), catalase (CAT), and glutathione peroxidase (GSH-Px), enzymes that may be modulated by nutritional factors [12] .
The aim of the present work was to compare the effects of dietary FO, OO, and HOSO on plasma and hepatic lipid composition and on some hepatic antioxidant enzyme activites in animals prone to cardiovascular disease, spontaneously hypertensive rats (SHR). The results show that the behavior of CAT, Cu͞Zn SOD, and GSH-Px, seems to be related to the nA3 content of lipid in the liver. The FO diet provided the greatest antioxidant capability while the OO and HOSO diets, with the same high content of oleic acid, but different content of natural antioxidant, behaved similarly with regard to modulate the antioxidant enzyme activities in liver.
MATERIALS AND METHODS

Animals and Diets
Male SHR were obtained from IFFA CREDO (France). The animals weighed about 70 g at the beginning of the experiments and were housed in a well-ventilated room maintained at 22J2°C on a 12 hr light-dark cycle. The rats were randomly divided into four groups of 10 animals. Each group was fed on one of the following diets for 12 weeks: a semipurified diet (basal diet) containing 2% by weight of unspecified lipid, purchased from Panlab SRL (Barcelona, Spain) (Control group) or the basal diet modified, supplemented with 10% by weight of olive oil (OO group) Casein  209  203  203  203  Sucrose  450  374  374  374  Cornstarch  202  180  180  180  Lipids  20  20  20  20  OO  -100  --HOSO  --100  -FO  ---100  Cellulose powder  52  56  56 or high-oleic-acid sunflower oil (HOSO group) or fish oil (FO group). The composition of the experimental diets is shown in Table 1 . To minimize oxidation, all diets were prepared once weekly and stored at 4°C under an atmosphere of nitrogen until needed. Changes in composition during storage were not detected.
The fatty acid compositions of the oils were determined and are shown in Table  2 . The non-fatty acid components of the oils are presented in Table 3 .
Tissue Preparations
At completion of the study the animals were killed by cervical dislocation. To minimize diurnal variations the rats were routinely killed between 09.00 and 10.00 hr. Blood samples were removed from the heart and collected into EDTA-containing (1 g͞l) tubes. Plasma was separated by low-speed centrifugation at 1500g at 4°C for 30 min and was immediately analyzed. Cholesterol, phospholipid, and triacylglycerols were determined with an autoanalyzer and conventional enzymatic methods [13] [14] [15] .
The livers were immediately rinsed in ice-cold 0.145 M NaCl, trimmed and quickly weighed. A 2 g portion of liver was used for lipid extraction and the rest was used to determine enzyme activities. All subsequent processing procedures were 
Extraction and Separation of Lipids
Quantitative extraction of total lipids from 2 g liver was carried out following the method of Folch et al. [16] in the presence of butylated hydroxytoluene as antioxidant. Tissue dissociation was achieved by homogenization in ice-cold chloroformmethanol (2:1, v͞v) containing 0.01% BHT using an Ultra Turrax model Type TP-18-1.
The lipid extract was quantified gravimetrically and kept in stoppered tubes under nitrogen atmosphere at −30°C until assayed. Lipid composition was determined by means of the latroscan TLC͞FID technique [17] . The latroscan MK-5 was used in combination with Chromarods S, which have a precoated active silica thin layer. Samples of total lipids (3 µl) were spotted onto each rod, using a 10-µl Hamilton syringe. To separate total lipids, rods were developed in hexane͞diethyl ether͞ formic acid (90:10:2, v͞v͞v). Rods were scanned under the following conditions: hydrogen flow, 150 ml͞min; air flow, 1750 ml͞min; scanning speed, 47 mm͞s; chart speed, 42 mm͞min. An latrocorder TC-11 integrator was used for recording and area integration.
Fatty Acid Analysis
Fatty acid weight percentages were determined by gas chromatography (GC), as previously described [18] . The samples were saponified by heating for 25 min with 5 ml of 0.2 M sodium methylate and heated again at 80°C for 25 min with 6% (w͞v) H 2 SO 4 in anhydrous methanol. The fatty acid methyl esters thus formed were eluted with hexane and analyzed in a Hewlett-Packard 5890 series II gas chromatograph equipped with flame ionization detector and using an Omegawak 320 fused silica capillary column (30 mB0.32 mm i.d., 0.25 mm film). The initial column temperature was 200°C, which was held for 10 min, then programmed from 200-230°C at 2°C͞min.
Non-Fatty Acid Components
For the extraction of the unsaponifiable matter, 20 g of oils was saponified for 30 min with 75 ml of 10% ethanolic potassium hydroxide. The solution was transferred to a 5000 ml decanting funnel, 100 ml distilled water was added and the mixture was extracted with 100 ml portions of hexane. The hexane solution was evaported to dryness in a rotatory evaporator at 30°C under reduced pressure. The sterol fraction was analyzed by capillary gas-liquid chromatography [19] . Tocopherols were analyzed by high-performance liquid chromatography [20] . For the assay of squalene, the hydrocarbon fraction was separated from the oil by column chromatography on silica gel and analyzed by capillary gas-liquid chromatography [21] . The composition of the polyphenol fraction was determined by capillary gasliquid chromatogaphy [22] .
Enzyme Activities
Catalase activity was assayed according to the method of Beers and Sizer [23] . The final concentrations in the cuvettes were 500 mM potassium phosphate (pH 7), 100 mM H 2 O 2 and tissue sample (0.05-0.1 mg). The decrease in the absorbance at 240 nm after the addition of the substrate was followed spectrophotometrically. Glutathione peroxidase activity was assayed with a coupled enzyme system in which GSSG reduction was coupled to NADPH oxidation by glutathione reductase [24] . The assay mixture contained 100 mM potassium phosphate (pH 7.5), 5 mM EDTA, 2 mM NaN 3 , 1 mM GSH, 0.2 mM NADPH, 1 U glutathione reductase and tissue sample (0.05-0.2 mg). After 5 min pre-incubation (20-25°C), the reaction was initiated by the addition of 0.05 ml 5 mM H 2 O 2 (final volume 1.0 ml). The decrease in the absorbance at 365 nm was followed spectrophotometrically. Superoxide dismutase activity was measured using the xanthine-oxidase-cytochrome c method as described by McCord and Fridovich [25] . The final concentrations in the cuvettes were 50 mM potassium phosphate (pH 7.8), 0.1 mM EDTA, 10 mM cytochrome c, 50 mM xanthine, 50 mM or 2 mM cyanide, 1 U catalase, and tissue sample (0.05-1 mg). The reaction was initiated by the addition of 1 U xanthine-oxidase. The inhibition of xanthine-oxidase was followed spectrophotometrically at 550 nm. One unit of SOD activity is defined as the amount of enzyme required to inhibit the rate of cytochrome c reduction by 50%. NADPH-cytochrome c reductase activity was measured as described by Vermilion and Coon [26] . The 1.0 ml assay mixture contained the following components: 300 mM phosphate buffer (pH 7.7), 0.04 mM cytochrome c, 0.1 mM EDTA, 0.2 mM NADPH and tissue (0.05-0.2 mg). The reaction was initiated by the addition of the NADPH, and the reduction of cytochrome c was followed spectrophotometrically at 550 nm.
Statistical Methods
All spectrophotometric measurements were carried out in a Shimadzu 160 A ultraviolet spectrophotometer with 1.0 ml quartz cuvettes with a light path of 1.0 cm. All enzyme assays were performed at 25°C. Specific activities were expressed as nmol͞min per mg protein. Protein concentrations were determined by the method of Lowry et al. [27] .
All results were subjected to one-way analysis of variance (ANOVA), and represent meansJSEM of 10 animals per group. Differences in mean values between groups were assessed by the two-tailed Student's t-test and were considered statistically different at pF0.05.
RESULTS
In the present study, rats in the four experimental groups consumed similar amounts of food (Table 4) . After 12 weeks of dietary intervention, animals fed on diets containing OO or HOSO had similar body weights, but these were higher than those of animals fed on the control or FO diets were. Animals fed on the diet containing FO had significantly lower body and liver weights when compared with the other groups; however, the liver͞body weight ratio was similar in all the groups. Liver lipid content was higher in animals fed on the OO and HOSO diets than in those fed on the control or FO diets. Table 5 shows the effect of dietary fat treatment on plasma lipid content. When compared with the control diet, the HOSO and OO diets led to significant increases and the FO led to a significant decrease in plasma triacylglycerol level. Consumption of the FO diet resulted in a decrease in the total cholesterol and phospholipid concentrations in plasma in comparison with the high-oleic-acid diets. The HOSO and OO groups did not differ in plasma lipid concentrations, but these were higher than those in the control group.
Total triacylglycerol concentrations in liver are shown in Table 6 . The OO-fed group showed the highest values and the FO-fed group the lowest. Total hepatic cholesterol and phospholipids were lowest in the animals fed on the control diet. The animals fed on the oil-enriched diets showed similar hepatic cholesterol and phospholipid contents. Table 7 shows the fatty acid weight percentages (WP) of liver lipids in rats fed on the different diets. The highest proportions of the two major saturated fatty acids, palmitic (16:0) and stearic (18:0) acids, were found in rats fed on the FO and control diets as compared with the high-oleic-acid oil groups. In consequence, the levels of total saturated fatty acids in liver were higher in the control and the FOfed groups in comparison with the animals fed on the diets enriched in oleic acid. The WP in 18:1 (nA9) was similar in the OO-and HOSO-fed groups and higher in the control-or FO-fed animals. The FO group showed higher WP of long-chain PUFA of the (nA3) series (20:5, 22:5, and 22:6) than the control, OO, or HOSO oils. The relation (nA6)͞(nA3) was markedly lower in the FO group.
The animals fed on the FO diet expressed higher CAT activity in the liver (4.40J0.03 U͞mg protein) when compared with the other groups (Fig. 1A) . The catalase activity was similar in the OO and HOSO groups (approximately 2.80 U͞ mg protein) and was lower than the control group. The glutathione peroxidase activity in animals fed on the control, OO, and HOSO diets was similar. Feeding on the FO diet increased the activity to 0.60J0.05 U͞mg protein (Fig. 1B) . The Cu͞Zn SOD activity had the highest values in the FO-fed group (3.8J0.7 U͞mg protein) and was significantly higher than the other groups. The oleic acidenriched oils had no effect on Cu͞Zn-SOD activity as compared with the control diet ( Fig. 2A) . The activity of NADPH cytochrome c reductase was similar in liver of rats fed on the oil-enriched diets, which was higher than the control animals (Fig. 2B) .
DISCUSSION
Increasing evidence suggests that essential hypertension is associated with elevated oxygen free radical production and decreased antioxidant capacity [1] [2] [3] . As diet can affect the endogenous free radical production and modulates the antioxidant status [11, 12] , the present study was designed to compare the effect of different dietary fats on liver antioxidant activities in spontaneously hypertensive rats (SHR). The plasma and liver lipid composition was also studied. The oils tested are olive oil and high-oleic-acid sunflower oil, with the same high content of oleic acid but different contents of natural antioxidants, and fish oil, a PUFA oil very susceptible to peroxidation and production of free radicals. Liver lipid triacylglycerol (TAG) levels were lowest in FO-fed rats (Table 6 ). This may have been due to inhibition of hepatic TAG synthesis [28] and stimulation of hepatic peroxisomal β-oxidation [29] produced by the FO diet. Decreases in lipoprotein lipase and triacylglycerol lipase activities in the liver after FO consumption have also been described [30] , and this may be an adaptive response to the low concentrations of substrates (triacylglycerols) for these enzymes. The low levels of hepatic TAG after FO intake is also observed in normotensive rats [11] and may be related to the reduced levels of plasma TAG found in our study (Table 5 ) and also described in normotensive rats [11] and in man [29] . We have detected similar hepatic TAG content in animals fed on the two MUFA-enriched diets. Despite a similar TAG content, the molecular composition of TAG of the liver differs greatly for SHR fed on OO or HOSO [31] . As VLDL triacylglycerol depends on the composition of liver TAG, there may be an influence on membrane fatty acid composition and fluidity, as well as eicosanoid output, which has a bearing on hypertension pathology.
Cholesterol levels in liver were increased in animals fed on the lipid-supplemented diets compared with the control group, without differences between those diets (Table 6 ). In plasma, cholesterol content was higher in the high-oleic-acid diets compared with control or FO diets. FO consumption reduces cholesterol levels in blood, and is more hypocholesterolemic than OO [32] . MUFA, especially in the form of OO, also lowers cholesterol in blood [33] . It was suggested that the nonglyceride fraction of OO contributes to the hypocholesterolemic effect [34] . Neither squalene nor tocopherol was responsible for the cholesterol lowering action and phytosterols were responsible of this effect [35] . Although HOSO has higher sterols than OO [9] , we have found no difference in the liver cholesterol content in the animals fed HOSO or OO.
Analysis of the fatty acid content of rat liver homogenates showed a significant increase of 18:1 in liver lipids obtained from OO-and HOSO-fed rats. We also found lower saturated fatty acids in both groups. The increase in oleic acid content was probably related to the higher content of oleic acid in the diet of these animals. When endothelial cell cultures are directly supplemented with oleic acid, an increase in its content is found, accompanied by a decrease in the saturated acid content [36] . With respect to the FO diet, we found a marked increase in weight percentage (WP) of total ((nA3) fatty acids (mainly 20:5 and 22:6), and a concomitant decrease in (nA6) fatty acids in the liver. As a consequence, a significant reduction in the ratio (nA6)͞(nA3) was found in these animals. When we compare arachidonic acid content between SHR and normotensive rats [11] we observe that arachidonic acid content is lower in the SHR in all the diets studied. This fact may be due to lower desaturase activity in SHR than in Wistar normotensive rats and decreased bioconversion of linoleic to arachidonic acid in liver of SHR [37, 38] .
The antioxidant defence system is well characterized in the liver, which includes Cu͞Zn superoxide dismutase, catalase and glutathione peroxidase. We have reported that the dietary fats modulate these enzyme activities in normotensive rats [11] . In the present work, we have found that, in SHR, these activities also depend on the kind of fat in the diet. SHR fed on the FO diet had higher activities of GSH-Px, CAT, and Cu͞Zn SOD compared with those fed on the control diet and the oleic acid-enriched diets. The high levels of PUFA (nA3) in the liver of the rats fed on the FO might render this organ more susceptible to lipid peroxidation and the activity of antioxidant enzymes might be induced. An induction in the expression of antioxidant enzymes has been reported in circumstances where an increase in free radicals is produced, such as ageing [39] or several hepatic pathologies [40] . Possibly, free radicals regulate the expression of these antioxidant enzymes genes, in the same way that they regulate the transcription of other many genes [41] .
In normotensive rats, a greater activity of antioxidant enzymes in animals fed on the FO in comparison with animals fed on the other diets has been also described by us [11] and other authors [29, 42, 43] . However, other studies have reported that, after FO intake, the activities of some antioxidant enzymes remain unchanged [44] or even decreased [45] . In hypertensive rats, Yuang et al. [46] have studied the effects of varying dietary fat saturation or polyunsaturation on tissue antioxidant status. These authors have found that CAT activity was not affected by the diet, SOD activity was lower and GSH-Px higher in rats fed (nA3) diets compared with those fed on the diets containing saturated fat.
The greater activity of antioxidant enzymes may contribute to the hypothesis that consumption of FO extends life span [47] . Antioxidants have been closely linked with the preservation of health and longevity [48] . Another possibility to the relationship between FO intake and longevity is the slow growth rate associated to a diet enriched in FO. We have found that animals fed on the diet containing FO had significantly lower body weight when compared with the other groups. This fact has been also described by others [46] .
Fatty acids are known to influence blood pressure and membrane composition. Diets enriched in polyunsaturated fatty acids (PUFA) of the nA3 series have been observed to reduce blood pressure [6] although the mechanism(s) of action are not fully understood. Recently it has been proposed that these fatty acids could be of benefit in essential hypertension because (nA3) fatty acids can inhibit the synthesis and release of pro-inflammatory cytokines [49] . On the other hand, increasing evidence suggests that hypertension may be associated with enhanced decomposition of nitric oxide by superoxide anion [50] . So, the increase in antioxidant capacity observed in the present study after FO consumption may be also another mechanism to improve the hypertension status observed after the intake of PUFA of the (nA3) series.
Like FO, OO also reduces blood pressure. In contrast, the new high-oleic-acid variety of sunflower oil (HOSO), which has a similar fatty acid composition to OO (Table 3) , but different antioxidant content, does not provide favorable effects on blood pressure [10] . In the present study we have tested the effect of these two MUFA oils on the antioxidant enzyme activities in liver, and we have found no differences between them. The non-glyceride fractions of these oils are different; polyphenols, which have free radical-scavenging properties, are only present in OO, and tocopherols, which also have an antioxidant effect, are higher in OO. These differences in the natural antioxidant content in the two oils seems not to affect the activity of the hepatic antioxidant enzymes studied in SHR. So the differences found in the hypotensive effect between OO and HOSO [10] cannot be attributed to a differential induction of antioxidant systems in the liver. We have found comparable results in normotensive rats [11] .
In comparison with the antioxidant enzyme activities in normotensive Wistar rats [11] , we observed that CAT and GSH-PX were lower in SHR in all the diets. Cu͞Zn SOD activity was lower in the SHR in the rats fed on the high-oleic-acid diets and similar in both strains in the animals fed on the control or FO diets. This data supports the notion that there is a decreased antioxidant capacity in hypertension [1] .
NADPH cytochrome c reductase participates in the detoxification of drugs and xenobiotics. Similar activities of NADPH cytochrome c reductase were observed in rats fed on the OO, HOSO, and FO diets in the present study, but each oil diet supported higher activity than the control diet. NADPH cytocrome c reductase activity was higher in the SHR in all the groups compared with normotensive rats [11] . This may suggest a greater oxidative drug metabolism in hypertensive animals; other enzymes involved in xenobiotic transformation are also increased in SHR compared with normotensive rats [51] .
In summary, it appears that changes in the liver fatty acid composition, due mainly to nA3 lipids, may increase the activity of some antioxidant enzymes and suggest that FO in the diet may increase the endogenous antioxidant status and reduce the risk of free radical damage in the hypertension. On the other hand, the two MUFA oils studied (OO and HOSO), in spite of their different contents of natural antioxidants, have similar effects on the antioxidant enzyme activities studied.
